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Introduction
Galanin is a 29 amino acid neuropeptide shown to co-exist in the hippocampus with septal cholinergic and locus coeruleus (LC) noradrenergic inputs (Melander, Staines, & Rokaeus, 1986) . Galanin inhibits the release of glutamate, norepinephrine, serotonin, and acetylcholine (Fisone, Bartfai, Nilsson, & Hökfelt, 1991; Kinney, Emmerson, & Miller, 1998; Ögren et al., 1998; Robinson, Zocchi, Pert, & Crawley, 1996; Wang, Wild, Shank, & Lee, 1999) . Galanin modulates signal transduction mechanisms by inhibiting adenylyl cyclase activity and activating phosphatidylinositol hydrolysis (Iismaa & Shine, 1999; Karelson & Langel, 1998; Palazzi et al., 1991) . Three galanin receptor subtypes (GalR1, GalR2, and GalR3) have been identified, all belonging to the G-protein coupled receptor (GPCR) family. GalR1 and GalR2 are found more prevalently in the CNS and both GalR1 and GalR2 are expressed in the hippocampus (Burazin, Larm, Ryan, & Gundlach, 2000) . GalR1 signaling is mediated via G i type G-proteins while GalR2 receptor is a G q11 /G i coupled receptor (Karelson & Langel, 1998; McDermott & Sharp, 1995) . Galanin binding in vitro initially results in an inhibitory action on adenylate cyclase (AC) (through GalR1) and in a delayed activation of MAP kinase (through GalR2) (Chen, Laburthe, & Amiranoff, 1992; Iismaa & Shine, 1999; Valkna et al., 1995) . Endogenous galanin protects neurons from excitotoxicity via inhibition of CREB phosphorylation (Mazarati et al., 2000) , and this inhibitory effect on CREB phosphorylation may be a rapid means of feedback regulating expression of the GalR1 type galanin receptor (Zachariou, Georgescu, Kansal, Merriam, & Picciotto, 2001) .
Galanin administered into the lateral ventricles or hippocampus produces deficits in acquisition or working memory on several learning and memory tasks in rodents, including trace fear conditioning and the Morris water maze (Kinney et al., 2002; McDonald, Gleason, Robinson, & Crawley, 1998; Ögren, Kehr, & Schött, 1996; Ögren, Schött, Kehr, Misane, & Razani, 1999; Ögren et al., 1998) . We have recently demonstrated that a specific learning and memory deficit produced by ICV galanin administration in performance of the Morris water maze was the impairment in memory consolidation (Kinney, Starosta, & Crawley, 2003) . It was also shown that the galanin induced learning and memory impairment was due to a galanin-induced inhibition of adenylate cyclase activity, as pretreatment of the animals with forskolin, a non-specific adenylate cyclase activator rescued the galanin-induced cognitive impairment.
Several studies have established that regulation of adenylate cyclase activity plays a crucial role in learning and memory and long
